Nanostructured carbons have been obtained by the template method using silica gel and zeolite as structure directing agents. Carbons were characterised by nitrogen adsorption, acid-base titration, XRD and TEM, thermogravimetric analysis and IR spectroscopy. All carbons show developed and uniform porous structure with the mean size range mesopore 3.4 and 4.8 nm for silica gel derived carbons and in the micropore range1.1 nm for zeolite derived carbon. The BET surface area of silica gel derived carbons is in the range 1230-1280 m 2 /g while zeolite derived carbon possesses very high BET surface area 3000 m 2 /g. Acid-base titration shows that carbons obtained by the template method contain a significant number of surface groups. Silica gel derived carbons possess mainly carboxylic and phenolic groups with small contribution of lactone/enol groups which totals 1.1-1.5 mmol/g. Extremely high number of surface groups (mainly phenolic) demonstrates carbon derived from zeolite -11.3 mmol/g. The presence of phenolic groups was confirmed by IR spectroscopy. To study adsorption-desorption properties of nanostructured carbons towards phenol and chlorophenols a solid phase extraction method was used. High recoveries of chlorophenols were obtained (75-93%) at the ♣ This article is dedicated to Professor Roman Leboda on the occasion of his 65 th birthday
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INTRODUCTION
Solid-phase extraction (SPE) is widely used for the analysis of environmental pollutants in aqueous solutions. SPE shows advantage over other preconcentration methods due to its adaptation to high throughput automated techniques. Most popular SPE adsorbents are alkyl bonded silica, porous copolymers and carbon adsorbents. Carbonaceous adsorbents offer some advantages over modified silica and organic sorbents due to high thermal and chemical stability over a wide pH range. Special convenience of carbon adsorbents is high adsorption capacity towards polar molecules with high solubility in water.
Nanostructured carbons have attracted considerable attention due to advanced properties and great potential for application ranging from catalysis, separation and adsorption to energy storage and environmental protection. There are numerous potential applications in which nanostructured carbons would be attractive, for instance, adsorption of large hydrophobic molecules such as vitamins, dyes, humic substances, dextrines etc, chromatographic separations, electrochemical double-layer capacitors, lithium batteries and in catalysis. Recently, nanostructured carbons have attracted much attention because of their potential use as catalytic supports in fuel cell electrodes [1] [2] [3] [4] . In these cases, the presence of wider pores, preferably in the mesopore range, would be advantageous.
EXPERIMENTAL METHODS
Nanostructured carbons were prepared by the template method using several commercial types of silica gel and zeolite NaY as a template and furfuryl alcohol (FA) as a carbon source. Silica gel was impregnated with FA to fill 100% of total pore volume. For homogeneous distribution of the carbonaceous precursor in pore space of template the FA was diluted by acetone. The sample was dried in water bath (100 0 C), heated in electric plate at ca 230 0 C for 1 h and then carbonized in argon atmosphere with gradual temperature rise up to 800 0 C and keeping at final temperature fo 30 min. Then atmosphere was switched to benzene vapour (1 atm) and kept for 1 hour. After that, the atmosphere was switched again to argon and temperature rose to 900 0 C and kept for 1 hour. The carbon/silica composite obtained in this way was treated with 40% HF to dissolve silica gel, washed with water and dried in air at 110 0 C.
Acid-base titration experiments were performed in 0.1 M NaCl solution with 0.1 M NaOH or 0.1 M HCl using a 672 Titroprocessor combined with 655 Dosimat (Metrohm, Herisau, Switzerland). Proton concentration was monitored by means of an LL pH glass electrode (Metrohm, Herisau, Switzerland). Prior to the experiments, the electromotive force of electrode was calibrated to proton concentration by blank titration. Proton affinity distributions were calculated by solving the integral adsorption equation using the CONTIN method [5, 6] :
where Q exp is the experimentally measured proton binding isotherm, Q loc is the kernel function describing local proton binding to the surface centre with its pK, F(pK) is the proton affinity distribution (PAD) function, pK min and pK max are the limits of integration. Q 0 is a constant background term, which accounts for the surface groups with the binding constant outside the experimental window. The distribution function, F(pK), describes the site concentration as a function of the binding constant, and is a unique characteristic of the adsorbent material. As a local isotherm, which reflects the underlying mechanism of ion binding, the Langmuir equation was used.
Nitrogen adsorption-desorption was measured at 77 K using Autosorb-6 (Quantachrome, USA) volumetric adsorption analyzer. Prior to the measurements, all samples were degassed overnight at 200 0 C under vacuum. The surface area of the samples under study was estimated by the standard BET method, using the nitrogen adsorption data in the relative pressure range from 0.01-0.10. The total pore volume was calculated from the amount of nitrogen adsorbed at a relative pressure of 0.99. Micropore and mesopore volumes were calculated from pore size distribution for the pores of the size w < 2 nm and 2 < w < 50 nm respectively. Pore size distributions (PSD) were calculated using the QSDFT model [7] .
The XRD patterns were obtained using a diffractometer DRON-4.07 with Cu-K α radiation and Ni filter. Morphology of the carbons was characterized by the transmittance electron microscopy (TEM) obtained using a microscope JEM 2100F (JEOL, Japan) at an accelerating voltage of 200 kV. The samples were analysed as suspension deposited on the carbon grid.
Adsorption-desorption behaviours of nanostructured carbons were investigated towards phenol (P), 2,4,6-trichlorophenol (2,4,6-TChP), 2-chlorophenol (2-ChP), 2,3-dichlorophenol (2,3-DChP) and naphthalene (N) from aqueous solution. Methanol stock solution of the mixture containing 25 mg/mL of 2,4,6-TChP and 100 mg/mL of P, 2-ChP, 2,3-DChP, 2,4-DChP and N was prepared and stored in refrigerator. Working aqueous solutions were prepared directly before the use by diluting 2 mL of stock solution up to 100 mL with Millipore-Q water. For the SPE experiments a cylindrical cartridge packed with 200 mg of carbon was used. Different volumes of aqueous solution containing phenol and its chlorinated derivatives were sucked through the cartridge with a rate 20 mL/min using a water aspirator. After the sample solution was passed through the cartridge airflow was maintained for 5 min, then the tested compounds were eluted with appropriate aliquots of methanol and diluted to 2 mL.
RESULTS AND DISCUSSION
Templates and their characteristics used for the synthesis of nanostructured carbons are listed in Table 1 , their nitrogen adsorption isotherms and pore size distributions calculated by the NLDFT method are presented in Figures 1 and 2 respectively. NaY is synthetic zeolite of faujasite type [8] . Its framework consists of sodalite cages which are connected through hexagonal prisms. The pores are arranged perpendicularly to each other. The pore, which is formed by a 12-membered ring, has a diameter of 0.74 nm. Due to the limited resolution of adsorption isotherm measurements and available Quantachrome DFT software, this pore size is not observed on PSD (Figure 2) , however, the DubininRadushkevich analysis indicates the average pore width of 7.7 nm which is in good agreement with its structure. The inner cavity of zeolite NaY has a diameter of 1.2 nm and is surrounded by 10 sodalite cages (Figure 2 ). Silica gels used as a template have a rigid three-dimensional network of contiguous particles of colloidal silica (micelles).
Nanostructured carbons retained the shape of template used for the synthesis (Figure 3) . Carbon obtained by templating zeolite NaY has very fine particles (200-300 nm) while carbons obtained using silica gels possess particles of original template. TEM show parallel layers of carbon atoms indicating some degree of order. However, XRD patterns shows the absence of log-range order (Figure 4) . The most intense peak located at 6.35° on XRD for zeolite-templated carbon C(NaY) is due to uniform pores and corresponds to spacing 1.39 nm. The other intense sharp peaks are due to the remains of template. Nitrogen adsorption isotherms for nanostructured carbons are shown in Figure 5 . The isotherm for zeolite templated carbon C(NaY) up to the relative pressures 0.95 belongs to type I of IUPAC classification characteristic of microporous adsorbents. Steep rise of the isotherm at high relative pressures is due to the existence of large macropores. The isotherms for carbons templated by silica gel belong to type IV with a hysteresis loop, which is associated with capillary condensation taking place in mesopores. The initial part of the isotherms is attributed to monolayer-multilayer adsorption. All carbons show well developed porous structure with the BET surface area up to 3000 m 2 /g and the total pore volume up to 2 cm 3 /g (Table 1 ). Experimental conditions were chosen to fill the maximum pore space of template by carbonaceous material. In such a situation, the porous structure of templated carbon in the inverse replica of the structure of template were pores of template filled with carbon become walls and the walls of template become pores of carbon.
Pore size distributions for nanostructured carbons calculated by the QSDFT method are shown in Figure 6 . The distributions show sharp peaks indicating homogeneous pores of different sizes. It should be stated that the pore size calculated from the XRD data for zeolite templated carbon (1.39 nm) is the size between the centres of carbon atoms, which after subtracting a diameter of carbon atom (0.34 nm) give exactly the value obtained by the QSDFT method (1.05 nm, Table 1 ). Surface chemistry of nanostructured carbons was investigated by the acidbase titration method. The proton binding isotherms (Figure 4) show that carbons obtained by the template method are acidic with the point of zero charge (PZC) at 2.4-3.8. At pH < PZC the surface of carbons is charged positively and may adsorb anions. The processes responsible for positive charging are basic oxygen-containing surface groups, protonation of π-electrons and electrochemical reduction of dissolved oxygen. At pH > PZC the surface of nanostructured carbons is negatively charged due to deprotonation of acid surface groups. At pH > 9 negative charge on the surface of zeolite-templated carbon C(NaY) drastically increases reaching a value 11 mmol/g. it is not likely that carbon can contain so large number of surface groups. Most probably the phenomenon is due to dissolution of remains of template at high pH. Proton affinity distributions calculated from proton binding isotherms show the presence of two surface groups for zeolite-templated carbon and three surface groups for silica-templated carbons ( Figure 8 , Table 2 ). The surface groups may be classed to carboxylic (pK = 3.3-4.9), lactone/enol (pK = 7.0-7.2) and phenolic (pK = 9.6-10.0). Well-developed, tuneable porous structure and regulated surface chemistry make nanostructured carbons promising for trace analysis of environmental pollutants in aqueous solutions using the solid phase extraction (SPE) [9] . Adsorption-desorption properties of nanostructured carbons for priority pollutants were studied by the SPE method. In this method different amounts of water solution containing trace amounts of phenol and its chlorinated derivatives were passed through a column containing 200 mg of carbon. After adsorption chlorophenols were desorbed by small volume of methanol. The dependence of recovery of phenol and its chlorinated derivatives using carbon C(SG) is shown in Figure 9 . With the volume of sample solution increasing, the recovery of the tested compounds increased from almost zero to a maximum amount. Further increasing the volume of the sample solution decreased the recovery indicating saturation of the carbon. The volume of sample solution at which maximum recovery was observed increased with the decreasing water solubility of the substances.
High recoveries of chlorophenols were obtained (75-93%) at the breakthrough volumes 1200-1400 mL. The recoveries are much higher than that obtained with commercially available carbon ACC (Supelco). Incomplete recovery at low volumes of the sample solution suggests that irreversible adsorption of the tested compounds occurred, at least under experimental conditions used for SPE. The performance may probably be improved by increasing eluate volume, application of other solvents or back-flush elution. 
CONCLUSIONS
Nanostructured carbons with homogeneous and well-developed porous structure have been obtained by the template method using silica gel and zeolite as structure directing agents. The mean size of nanostructured carbons obtained from the nitrogen adsorption isotherms is in the mesopore range 3.4 and 4.8 nm for silica gel derived carbons and in the micropore range 1.1 nm for zeolite derived carbon. The BET surface area of silica gel derived carbons is in the range 1230-1280 m 2 /g while zeolite derived carbon possesses a very high BET surface area 3000 m 2 /g. Carbons obtained by the template method contain a significant number of surface groups. Silica gel derived carbons possess mainly carboxylic and phenolic groups with small contribution of lactone/enol groups which totals 1.1-1.5 mmol/g. A extremely large number of surface groups (mainly phenolic) is found for carbon derived from zeolite -11.3 mmol/g which can be explained by dissolution of remains of template. To study adsorptiondesorption properties of nanostructured carbons towards phenol and chlorophenols a solid phase extraction method was used. High recoveries of chlorophenols were obtained (75-93%) with the breakthrough volumes 1200-1400 mL. The recoveries are much higher than that obtained with the commercially available carbon ACC (Supelco).
